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[57] ABSTRACT

A wick-type combustion apparatus for liquid fuels com-
prises: a pair of cylindrical walls extending vertically
and opposed to each other with a gap; a cylindrical
wick vertically movable as guided between and along
the walls; a slit-form cylindrical fuel passage opening
provided in the outer wall and adapted to be opened
and closed by the descent and ascent, respectively, of
the wick; a fuel trap chamber provided around the
opening in communication therewith; and a cylindrical
porous member vertically extending in the chamber.

A flame or flames remaining after the descent of the
wick can be instantaneously blown out by a blast of an
explosive combustion which occurs in the fuel trap
chamber. The porous member serves to reduce the
amount of unburnt fuel used for the explosive combus-
tion, so that an abnormal rise of flame or flames atten-
dant with the explosion can be prevented.

5 Claims, 10 Drawing Figures
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i
COMBUSTION APPARATUS FOR LIQUID FUELS

The present invention relates to a combustion appara-
tus for liquid fuels, such as kerosene, and more particu-
larly to a wick-type combustion apparatus which 1s
provided with means for quickly extinguishing a flame
or flames remaining afier turning off the apparatus.

A typical wick-type combustion apparatus incorpo-
rating such accelerated flame extinction means com-
prises an opposed pair of vertically extending cylindri-
cal walls, a cylindrical wick vertically movable be-
tween and along the opposed walls, a slit-form cylindri-
cal fuel passage opening provided in the outer wall and
adapted to be opened and closed by the descent and
ascent, respectively of the wick, and a cylindrical fuel
trap chamber disposed around the opening and pro-

vided with ventilation holes for allowing thereinto of

ambient air. When the wick is lowered in an attempt to
turn off the apparatus, the unburnt gaseous fuel evapo-
rated from the wick enters the fuel trap chamber and
mixes with the air inflowing through the ventilation
holes. The mixture upon reaching the combustible level
(the air-fuel mixture ratio at which combustion can take
place) is ignited by a flame or flames remaining between
the opposed walls and explosively burns in a flash, so
that the remaining flame or flames will be blown out by
the blast of such an explosive combustion. With the
arrangement of this conventional apparatus, however,
since the combustion occurring in the fuel trap chamber
instantaneously propagates to the unburnt gaseous fuel
staying above the lowered wick for the reason to be
described later with reference to one of the accompany-
ing drawings, an abnormal rise of flame or flames is
temporarily formed, giving an apprehension to users as
well as producing soot due to air-deficient combustion.
It is therefore an object of the present invention to
provide a combustion apparatus for liquid fuels incorpo-
rating blast-blow-out-type flame extinction means
which is free from an abnormal rise of flame or flames.
In order to fulfill this object, the present invention
provides a combustion apparatus for liquid fuels com-
prising: | +
two cylindrical wall means extending upwardly and
opposed to each other with a gap, |
wick means movable up and down as guided between
and along said wall means, |
a burning zone formed above said wall mearns,

fuel passage opening means provided in at least one of >

said wall means and adapted to be opened and closed by
the descent and ascent, respectively, of said wick
means, |

fuel trap chamber means provided on one side of said
opening means remote from said wick means, and

a cylindrical porous member upwardly extending
within said chamber means. ' |

Various features and effects of the present invention
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will become apparent from the following description of g

embodiments given with reference to the accompany-
ing drawings, in which;

FIG. 1 is a sectional side view showing a half of a
combustion apparatus embodying the invention,

FIG. 2 is an enlarged fragmentary view showing the
principal portion of the same,

FIG. 3 is a view in section taken on the lines A—A in
FI1G. 1,

65

2

FIG. 4 is a fragmentary sectional side view showing
the principal portion of another combustion apparatus
embodying the invention,

FIG. 5 is a view in section taken on the lines B—B in
FiG. 4,

FIG. 6 is a fragmentary sectional side view showing
the principal portion of still another combustion appara-
tus embodying the invention, |

FIG. 7 is a fragmentary sectional side view showing

the principal portion of still another combustion appara-

tus embodying the invention,

FIG. 8 is a view in section taken on the lines C—C in
FI1G. 7, | |

FIG. 9 is a fragmentary sectional side view showing
the principal portion of a still further combustion appa-
ratus embodying the invention, and :

FIG. 10 is a fragmentary sectional side view showing
the principal portion of a conventional combustion
apparatus. | -

‘Before describing the embodiments of the invention,
the concrete arrangement of the typical conventional
combustor will be described with reference to FIG. 10.
The combustor, as shown and described hereinbefore,
comprises an opposed pair of vertically extending cylin-
drical walls 101 and 102, a vertically movable cylindri-
cal wick 103, a cylindrical fuel passage slit 104 formed
in the outer wall 101, and a cylindrical fuel trap cham-
ber 105 disposed around the slit 104 and provided with
ventilation holes 106. In this combustor, a flame or
flames remaining in the space 107 between the walls 101
and 102 after descent of the wick 103 can be blown out
by the blast of an explosive combustion which occurs in
the fuel trap chamber 105. This explosive combustion,
on the other hand, transmits instantaneously to the un-
burnt gaseous fuel remaining in the space 107, tempo-
rarily forming an abnormal rise of a flame or flames as
described before. |

As a result of repeated experiments, this temporary
formation of an abnormally large flame or flames was
first believed attributable to an unduly large explosion
energy due to the large volume of the fuel trap chamber
105. Thus the volume of the fuel trap chamber 105 was
reduced in an attempt to avoid an attendant abnormal
flame formation. The result, however, was the same

since an explosive combustion took place also in the

space 107 which contained increased gaseous fuel evap-
orated from the lowered wick 103. It can be therefore
concluded that unburnt gaseous fuel is produced in a
large amount by the lowered wick 103 upon turning off

0 the combustion apparatus, and the aforesaid abnormal

flame formation is caused if such a large amount of
unburnt fuel is totally burnt explosively.

The present invention which has overcome this prob-
lem will now be described with reference to FIGS. 1to
9. |

Referring to FIGS. 1 to 3 illustrating a first embodi-
ment of the invention, a cylindrical fuel tank 1 contains
a liquid fuel. An outer cylindrical wall 2 and an inner
cylindrical wall 3 vertically extend from the tank 1 and
are opposed to each other with a wick accommodating
space 4 formed therebetween. A cylindrical wick 5 has
a lower end immersed in the liquid fuel within the tank
1 and an upper end movably guided between and along
the cylindrical walls 2 and 3. A slit-form cylindrical fuel
passage opening 6 is formed in the outer wall 2 and
adapted to be opened and closed by the descent and
ascent, respectively, of the wick 5. Outwardly of and in
communication with the opening 6 is arranged a cylin-
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drical fuel trap chamber 7 defined by chamber forming
members 8 and 9. The chamber forming member 8 is
formed with a plurality of ventilation holes 10 arranged
at equal spacing around the chamber 7 for allowing
thereinto of ambient air. A burning zone is formed
above a tray 11 provided at the upper ends of the cylin-
drical walls 2 and 3. The fuel passage opening 6 has
upper and lower edges bent into the chamber 7.

The arrangement of the combustion apparatus so far
described 1s substantially the same as that of the conven-
tional combustion apparatus illustrated in FIG. 10.
However, the apparatus of the invention further com-
prises a cylindrical porous member 12, such as a USU
304 15-mesh metallic screen 0.7 mm in wire diameter,
disposed in the chamber 7 to divide it into outer and

10
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inner subchambers 7a and 75. The porous member 121s
held in place by its engagement with a step 8z of the

chamber forming member 8, but may of course be oth-
erwise held. |

In use for heating purpose, the wick § 1s in its raised
position as indicated in phantom lines, and the liquid
fuel in the tank 1 is drawn up by the wick 5 and evapo-
rated from the upper end thereof. The gasified fuel is
burnt in the combustion zone above the tray 11.

If, on the other hand, the wick 5 is lowered, as indi-
cated in solid lines, to turn off the apparatus, the fuel
passage opening 6 is opened, and the majority of un-
burnt gaseous fuel still evaporated from the wick § by
the remaining heat is allowed into the inner subchamber
7b through the opening 6 and further into the outer
subchamber 7a through the porous member 12. A re-
maining flame (or flames) having been lowered into the
wick accommodating space 4 along with the descent of
the wick § ignites the fuel gas trapped in the inner sub-
chamber 7b to cause an explosive combustion thereof,
consequently blowing out the remaining flame in the
space 4. At this time, since propagation of said explosive
combustion to the gaseous fuel trapped in the outer
chamber 7q is shielded by the porous member 12, the
explosion energy of such a combustion, though suffi-
cient to blow out the remaining flame, is relatively
small. Thus this explosive combustion does not lead to
formation of an abnormally large flame or flames by
contingent ignition of the fuel gas remaining in the
space 4 nor to production of soot attendant therewith
although the fuel in the space 4 1s in fact burnt to some
extent with a small flame or flames to produce an ac-
ceptable amount of soot.

Since the fuel evaporated from the lowered wick
mainly enters into the fuel trap chamber 7 and does not
overflow the tray 11, a flame or flames formed above
the lowered wick & will not extend over the tray 11.
Thus the likelthood of a fire hazard upon the apparatus
falling down will be greatly reduced. It is to be under-
stood that the inflow of the gaseous fuel into the cham-
ber 7 is assisted by a negative pressure produced by the
venturi effect at the bent edges 6a and 6b of the opening
6, the bent edges further serving to allow smooth verti-
cal movement of the wick S.

FIGS. 4 and 5 show a second embodiment of the
invention which is adapted for reliable flame extinction
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particularly when the apparatus falls down. The appara-

tus illustrated comprises a cylindrical porous member
12 disposed radially movably within the fuel trap cham-
ber 7. Otherwise, the apparatus corresponds in arrange-
ment to the one illustrated in FIGS. 1 to 3.

When the apparatus topples down, the remaining
unburnt fuel evaporated from the wick $ lowered auto-
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matically by an unillustrated mechanism collects at one
side of the apparatus (that side of the apparatus closer to

the floor), consequently requiring a locally intense blast
to blow out a flame or flames remaining locally in the

space 4. In this embodiment, the porous member 12
moves sidewise, 1.e., downward, upon toppling of the

apparatus to locally increase the volume of the inner

subchamber 75 as shown in FIG. 5. Thus a larger explo-
sion energy produced in the enlarged zone of the inner
subchamber 7b serves to reliably blow out the remain-
ing flame or flames. It should be understood that the

increased explosion energy, though sufficient for the

desired flame extinction, can be maintained still suffi-

ciently low by the division, by the porous member 12, of
the chamber 7 into the subchambers 7a¢ and 75, so that

an abnormal rise of a flame or flames can be avoided.
FIG. 6 shows a third embodiment of the invention 1n

which a horizontal partition plate 13 is provided in the

fuel trap chamber 7 to reduce the time needed for com-
plete flame extinction. The partition plate 13 has one

end fixed to the chamber forming member 8 as by weld-

ing and the other end directed toward the fuel passage
opening 6. Thus a lower subchamber 7a and an upper
subchamber 7a’ are formed outwardly of the inner sub-

chamber 75. Ventilation holes 10 and 10’ are formed in

the chamber forming member 8 for the respective outer
subchambers 72 and 7a’. |
With the apparatus having the above arrangement, if

the wick 5 is lowered to turn off the apparatus, a re-
maining flame or flames having descended along with

the descent of the wick 5 will be blown out, as in the

case of the apparatus of FIGS. 1 to 3, by a blast of an
explosive combustion which takes place in the inner
subchamber 7b. Such an explosive combustion, unlike

the conventional apparatus or the apparatus of FIGS. 1
to 3 for that matter, does not cause ignition of the un-

burnt gaseous fuel in the space 4 by the presence of the
partition plate 13, consequently decreasing the time =

required for complete flame extinction. The reason for
this, though not known for certainty, is believed that
the partition plate 13 cooperates with the porous mem-

ber 12 to increase resistance to flame propagation from

the inner subchamber 75 to the space 4. It should be
noted here that the partition plate 13 also serves to
increase resistance to flame propagation from the inner
subchamber 75 to the outer subchambers 7a and 7a’,

thus assisting the shielding effect of the porous member

12. o
The partition plate 13 may not necessarily be used in
combination with the porous member 12 but alone can
fulfill the contemplated function to certain degree. Fur-
ther an obliquely extending partition plate can substi-

tute the horizontal partition plate 13. Still further, a

plurality of partition plates may be arranged to divide
the chamber 7 into three or more compartments.

To mention the numerical values of some compo-
nents of the apparatus used for experimentation, by way
of example, the width 1 of the opening 4 is 10 mm; the
thickness of the partition plate 13 is 0.6 mm; the porous
member is a USU 304 15-mesh metallic screen 0.7 mm in

‘wire thickness; and the ventilation holes 10 and 10’ ate

1.5 mm in diameter and 10 (each row) in number.
In the fourth embodiment shown 1in FIGS. 7 and 8,

vertical partition plates 14 are disposed in the outer '
subchamber 7ato divide it into a plurality (8 in this .

embodiment) of circumferentially separated compart-
ments 7a; to 7ag. Each compartment 1s provided with a
ventilation hole 10. |
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Although quite unlikely, an explosive combustion

occurring in the inner subchamber 7b could acciden-

tally induce combustion somewhere in the outer sub-
chamber 7¢ in spite of the shielding effect of the porous
member 12. The combustion thus initiated would last
long if allowed to propagate circumferentially within
the entire outer subchamber 7a, consequently prolong-
ing the time required for complete flame extinction. In

the illustrated embodiment, however, propagation of

such combustion can be confined by two adjacent parti-
tion plates 14 to one particular compartment, €.g., com-
partment 741, thereby reducing the time for complete
flame extinction. Though dispensable, the ventilation
holes 10 should be provided to shorten the time re-
quired for the thus initiated combustion to complete.

In another embodiment shown in FIG. 9, the bottom
of the fuel trap chamber 7 is positioned substantially at
the same level as the lower edge 6b' of the fuel passage
opening 6. The lower edge 6b’ of the fuel passage open-
ing 6 may be straight as illustrated or bent into the
chamber 7 as in the foregoing embodiments.

After an explosive combustion in the inner subcham-
ber 7b to blow out a flame or flames remaining in the
space 4, the unburnt gaseous fuel in the outer subcham-
ber 7a flows reversely toward the opening 6 as indi-
cated by the arrow X, and the reverse fuel flow X in
turn forms a whirl at the lower edge of the opening 6 if
the lower edge of the opening 6 is positioned above the
bottom of the chamber 7. It has been found that if the
explosive combustion accidentally has failed to blow
out the remaining flame or flames, the flame or flames
will linger at the opening 6 for prolonged time due to
the aforesaid fuel whirl. In the illustrated embodiment,
however, since the lower edge 6b' of the opening 6 is
positioned substantially at the same level as the bottom
of the chamber 7, the gaseous fuel remaining in the
outer subchamber 7a, after an explosive combustion in
the inner subchamber 7b, flows smoothly in reverse
direction without formation of a whirl at the opening 6.
Thus, even if the explosion blast has failed in flame
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extiction, the remaining flame or flames cannot stay
long, consequently shortening the time necessary for
complete flame extinction.

Although a metallic screen has been described as an
example of a porous member throughout the embodi-
ments, a perforated plate, a metallic sponge plate or the
like may also be used.

What is claimed is:

1. A combustion apparatus for liquid fuels compris-
ing;

inner and outer cylindrical wall means extending

substantially vertically and opposed to each other
with a gap therebetween,

 wick means movable up and down as guided between
and along said wall means,

a burning zone formed above said wall means,

fuel passage opening means provided in said outer

wall means and adapted to be opened and closed by
the descent and ascent, respectively, of said wick
means,

fuel trap chamber means provided on one side of said

opening means remote from said wick means, and

a cylindrical porous member extending substantially

vertically within said chamber means.

2. A combustion apparatus as defined in claim 1
wherein said chamber means is provided with ventila-
tion holes for introducing air therethrough into said
chamber means.

3. A combustion apparatus as defined in claim 1
wherein partition plate means is provided within said
chamber means to divide said chamber means in vertical
direction.

4. A combustion apparatus as defined in claim 1
wherein said fuel passage opening means has marginal
edges bent into said chamber means.

5. A combustion apparatus as defined in claim 1
wherein said fuel passage opening means is provided in

the form of a circumferentially extending slit.
« % % % %
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